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CD4 Lymphocyte Decline and Survival in Human
Immunodeficiency Virus Infection

JOSEPH J. DRABICK, WHEATON J. WILLIAMS,- DOUGLAS B. TANG,' WELLINGTON SUN.'
RAYMOND C. CHUNG. 2 and the MILITARY MEDICAL CONSORTIUM FOR APPLIED

RETROVIRAL RESEARCH

ABSTRACT

The loss of the CD4 lymphocyte is the central pathophysiologic event in the progression of human immunode-
ficiency virus (HIV) infection. This retrospective study, based on review of data from deceased HIV patients
followed in a single HIV clinic, was conducted to determine if the rate of CD4 lymphocyte decline was predictive
of survival. Forty of 172 patients met defined criteria for inclusion in this study. For each patient. CD4-cell
counts showed approximate exponential decline over tinie. A Cox regression analysis was used to assess the
association of CD4 cell decline (half-life), race, age, gender, initial CD4-cell count, and treatment (anti-
Pneumocystis carinii pneumonia prophylaxis and/or zidovudine vs. no therapy) on total survival (from initial
CD4 cell count) and on remaining survival time after reaching a CD4 cell count of 100 (estimated). For all
patients, the rate of CD4 cell decline was predictive of total survival (p = .009) but not for survival after
reaching a count of 100 (p = .6). For patients who had never received therapy (6 patients), however, the CD4
half-life remained associated with survival time from 100 CD4 cells (p < .05) as opposed to the treated patients.
Therapy was the single variable most predictive of both survival endpoints, resulting in an increase in median
total survival of 27.2 mo (p < .0000 1) and of 15.4 mo from a CD4 cell count of 100 (p < .00004). Nonwhites had
a slight survival disadvantage compared to whites (p = .08 overall; p = .02 from CD4 cell count of 100). It was
concludcd that in the natural history of HIV infection, the rate of CD4 cell decline is predictive of total survival.
Current therapy can alter the natural history by prolonging life and appears to negate the predictive value of
CD4 cell decline on survival from 100 CD4 cells to death.

INTRODUCTION infection. 2 The forces involved in this progression ofasymptorn-
atic infection to full-blown AIDS and death are incompletelyT HE CENTERS FOR Disease Control in Atlanta has estimated understood but are attended by such clinical findings as thrush.'

that 1-1.5 million people in the United States are infected weight loss. 4 and hairy oral leukoplakia.f Laboratory markers of
with the human immunodeficiency virus type I (HIV-I).' diseaseprogressionincludeCD4counts.'"THIV-I p24antigen,'
Infected individuals may remain asymptomatic for long periods neopterin." 032-microglobulin."' and various combinations of
of time before the development of the opportunistic infections these.''
and neoplasms characteristic of the acquired immunodeficiency In our clinical experience as in that of others. '2 it has been
syndrome (AIDS) toward the end of the natural history of the observed that some patients progress rapidly to AIDS and death.

'Department of Bacterial Diseases. Walter Reed Army Institute of Research. Washington. DC 20307-5 I1M).
"2
Intectious Disease Service. Walter Reed Army Medical Center. Washington. DC 20307-5(XX).
Department of Biometrics. Walter Reed Army Institute of Research. Washington. DC 2t)3(17-5 U(K).

The views of the authors do not purport to he those of the U.S. Army or the Department of t)efense.
These data were presented in part at the 31st Interscience Conference on Antimicrobial Agents and
Chemotherapy. September 29 to October 2. 199•1. Chicago. IL and as a letter (Ann Intern Med 1992:1 ,6h ).
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whereas others seem to have a much slower course. The zion. At least three independent CI)4-ccll counts over - 150days
importance of the CD4 cell as a target for HIV and as a key cell of observation were required. The minimum initial CD4-ccll
in the function of the immune system is well known. ' ' Most count was set arbitrarily at 125 cells, rmm'. The (C)4 cell counts
opportunistic infections occur with greater frequency when the had been determined by fluorescence-activated cell analysis
CD4 cell count is below 200 cells/mm3 . 14 Because of the central which has been part of the standard of care at Walter Reed since
role of the CD4 cell in the pathophysiology of HIV infection. ' the onset of the epidemic. 7 These counts are determined every)
we sought to examine the way CD4 cells change with time 6 mo as a minimum in patients with early disease and more
during the progression of disease with death as an endpoint, frequently with progression. Clinical and demographic informa-

If, for each patient, the pattern of CD4 cell counts over time tion was recorded from these charts particularly in regard to the
could be approximated by a usable model, e.g.. by simple use. timing, and types of therapy employed in treatment. Based
exponential decline, then the rate of decline could then be on consistent exponential-like decline (semilog plots of counts,
investigated as a predictor of survival in the natural history of vs. time were linear), ordinary (unweighted) least squares was
HIV infection. This patient-specific parameter could also be used to estimate the rate of decline (slope of regression of the
compared to other variables which may affect the natural history natural logarithmofthe cell count v... tine. f..r each palci. The

of HIV infection such as age, gender. race, and the use of corresponding CD4 cell halflife (in months) was then estimated
therapy. The rate of CD4 cell decline could be an analogue of the as In 2 / in (in = slope). The lilted exponential decline model
inverse serum creatinine vs. time parameter which can predict was used to estimate the time that cell counts would reach 1(X)
the timing of the need for dialysis in patients with progressive (TIOO)and 25 (T25). These times were arbitrarily selected. Two
renal failure."6 We conducted a retrospective chart review of survival measures were then estimated: (I) the survival time
deceased patients followed in our clinic to determine if the after reaching a cell count of I0X) (TI00-D) determined by
pattern of CD4 cell count decline with time (to death) was subtracting, T100 from the time of death, and (2) the survival
consistent with approximate exponential decline, and if so. from time of rL ,'hing a count of 25 (T25-D) deternined in a
whether the rate of decline, as measured by the CD4 cell half-life similar manner using T25. These two measures of survival at
is prognostic foroverall survival (initial CD4 ce'l count to death) low CD4 cell counts were analyzed in order to eliminate the
and survival after reaching a CD4 cell count of t00. possible influence of initial CD4 cell counts when assessing the

effect of rate of cell decline on survival. A Cox life table
regression model (proportional hazards model)"' was used to

MATERIALS AND METHODS assess the influence of several covariates (prognostic factors) on
total survival time (initial CD4 cell count (entrance) to death)

This study was conducted under the auspice,4 of an approved and on TI00-D. Covariates included: treatment (treated vs.
protocol by the Walter Reed Army Medical Center Human Use untreated), rate of CD4 cell decline (half-life) in months, initial
Committee and the Department of Clinical Investigation. The CD4cell count (cells/mm'). age(years). gender. and race(white
outpatient records of deceased HIV-infected patients who had vs. nonwhite). This type of analysis attempts to model survival
died between July 1985 and July 1991 and had been followed in time data and provides a way to assess the influence of prognos-
the Infectious Disease Clinic were reviewed. To be included for tic variables alone or after adjusting for effects of other van[-
analysis several conditions had to be met (Fig. I). The time of ables. Computations were performed using BMDP program
death had to be known and the cause of death had to be due to 2L. "' Product limit (Kaplan-Meier) survival curves were also
natural, HIV-associated mechanisms: patients who had suicidal, constructed. Both logrank and Wilcoxon statistics were used to
homicidal, and accidental deaths were excluded from analysis as test for differences in survival times1.21' The Wilcoxon test is
were those with severe illnesses diagnosed prior to HIV infec- more powerful than the log rank test in detecting differences in

early survival (early deaths given more weight). Spearman's

(rank) correlation was used to assess association of two quanti-
Total Patients Available tative variables. All reported p-values are two-sided.

(172)

Initial CD4 > 125 Initial CD4 < 125 RESULTS

(101) (71)

Of 172 deceased patients who had been seen in the clinic. 40

Complete Database Incomplete Database (23 c/0 met criteria to be included for analysis (Fig. I). The
(48) < 3 CD4 determinations largest group of the deceased patients (41'4) had presented to

itmeicause of deatb unknown care at Walter Reed considerably late in their disease course as
(53) evidenced by low initial CD4 cell counts, often <25/mm'.

HIV Related Death Non-HIV Related Death Thirty-one percent of the charts were incomplete because of an
(40) . suicide, Mccident unknown time and cause of death and/or less than three discrete

Ssevere premorbid IIInes

(8) CD4 cell count determinations. The individuals in this categor-
Treated Untreated had left the geographic area covered by our clinic usually after

(34) (6) one or two evaluations. No further information was readily

FIG. I. Chart selection algorithm for 172 deceased HIV available on these individuals for the purpose of the study. A
patients followed in the Infectious Disease Clinic (July 1985 to small percentage (5/( ) were excluded from analysis for a
July 1991). non-HIV-related death (suicide. accident, severe premorbid
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illness). Of the 40 evaluable patients, tht: 6 classified as between tests. The untreated group had a mean of 4.3 determi-

untreated in this analysis had not received either zidovudine nations with a median interval of 2.65 mo between tests.
(AZT), anti-Pneumnocystis cariniI pneumonia (PCP) prophy- The decline of CD4 cell count over time for each patient
laxis, or other related therapy in an effective manner. Reasons exhibited a form consistent with approximate exponential decay
for nontreatment included: the refusal of all therapy by the (semilog plots of the CD4 cell count vs. time were linear).
patient- initiation only within the week prior to death: and Transient perturbations in the curves ofpatients initiated on AZT
discontinuance by the patient within I wk of starting therapy due were noted and generally were of 4 7f3 or less in duration. Figure
to perceived side effects (nausea, nervousness). The other 34 2 portrays representative examples for an untreated and treated
patients classified as treated had received anti-PCP prophylaxis patient. Table 2 summarizes the results of estimating CD4 cell
and/or AZT. Usually the two modalities were begun concur- half-life and the two derived survival measures (T100-D and
rently and in a few AZT was stopped later in the course for T25-D) as well as survival time from entrance to study.
hematologic problems. Overall, 33 of 34 patients had received The results of the Cox regression are summarized in Table 3.
AZT (I patient declined AZT) and all had received anti-PCP CD4 cell half-life, when considcred alrre, was predictive of
prophylaxis (pentamidine 22. Septra I, Fansidar 5, Fansidar overall survival (p < .009: model 2: Table 3A). When the
then pentamidine 6). Because of concurrent usage, comparisons survival time from 0X) CD4 cells to death was considcred
between the two modalities could not be made. These therapies (model 2. Table 3B). however, there was no re!a6...h;-

were instituted -.%t :,. the CD4 cell counts were <200/mm3 in 33 observed. Treatment was the most important single variable
of 34 patients. One patient had been initiated on low-dose AZT using either total survival time (p < .0(X)I) or TI(X)-D
when the CD4 cell count fell <5(0/mm3. Dideoxyinosine (ddl) (p < .(XXX1.) (model I Table 3A and B) or TI00-D. Treatment
was used briefly in one patient after hematologic problems with remained the most important variable when considered jointly
AZT developed near the end of his life. Four patients received with the other variables (models 7-10: Table 3A and B). For
the immunostimulator. Poly-ICLC, in concert with AZT for both survival measures, nonwhite race appeared to be associated
periods <6 mo in the terminal aspects of their illnesses. No with poorer survival either by itself (p = .03 and p = .0X:
conclusions considering these other individual antiretroviral model 3: Table 3A and B) or in combination with other variables
therapies. immunostimulators or regimens directed against op- (models 7-l0). Age. gender. and initial CD4 cell count were not
portunists could be made given their variety and the small associated with overall survival.
numbers of patients involved. Treated and untreated patients Figures 3.4. and 5 compare the Kaplan-Meier survival curves
were similar in regard to sex ratio, age, ethnicity, and initial for both survival measures by treatment received (Fig. 3). race
CD4 cell counts (Table I). Treated patients had a mean of 10.3 (Fig. 4). and CD4 cell half-life (Fig. 5). The nonparametric
CD4 cell determinations with a median interval of 3.75 mo results concur with the proportional hazard analysis. A direct

TABLE 1. PATIENT DEMOGRAPHICS

All Treated Untreated

N 40 34 6
Gender

Male 36 31 5
Female 4 3 1

Race
Black 14 II 3
Hispanic 4 3 1
White 22 20 2

Year of initial presentation
1985 4 3 1
1986 19 16 3
1987 15 13 2
1988 1 i 0
1989 1 1 0

Age
(yr) 34.4 -_ 1.6 33.7 - 1.6 38.5 5.4

(31) (32) (30.5)
Initial CD4 cell count

(cells/mm3 ) 342.7 ± 26 339.2 _- 28 362.8 ± 78
(294.5) (294.5) (289)

Amount of study time on AZT
(percentage) 56.9 0

Amount of study time on anti-PCP prophylaxis:
(percentage) 60.2 0

Demographic characteristics of patients included for analysis according to whether treated or
not. Values reported as mean ± SEM and (median).
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(A) DISCUSSION

SUntreated p t This study was performed to determine if C!)4 cell decline fit
E- a simple mnathetnatical momdel such as exponential decay in an

individual patient, and, if so, whether the patient-specific rate of
CL)4 cell decline is predictive of patient survival. In this group of

o patients the rate of' C)4 cell decline over lime could be
8-approximated by a simple exponential model. The study is

retrospective and suffers from the limitations of a retrospective
analysis in addition to small numbers. The data. however.

0 , t , ,, represents current clinical practice in a single clinic and was
Time (monthe) carefully screened by rigid criteria to ensure eonipnirahifify

With the exception of excluded patients with pre-morbid ill-
nesses, it is doubtful that the majority of the excluded patients

(B) ,o0were different from the included ones but this cannot be tested

since the required detailed information on them is unavailable by
definition. All patients had a comparable interval between CD4E Treated patient

Te•tcell determinations. Therefore we feel that the likelihood of
S-substantial selection and/or detection bias is low. Cox regression

was used to compare CD4 cell decline, race, age. gender. initial

o CD4 cell count, and treatment as variables with a known or
o potential effect on survival in HIV infection. Whether other

unmeasured variables contributed to the observed associations is
o . AZT ............... 0 unknown.
o - - Anti-pcp ............. o
01 P 1 ,, ,In all of the patients. the rate of CD4 cell decline was

Time (months) approximately constant indicating the pattern of CD4 cell counts
over time (to death) was exponential and could, therefore, be

FIG. 2. Representative plots (semilog) of CD4 cell counts characterized in terms of the CD4 cell half-life. This decline.
versus time (months) from study entrance: (A) untreated patient: specific for each patient. is most likely detemined by host-virus
(B) treated patient. interplay in the individual patient. The initiation of therapy with

zidovudine appeared to cause transient perturbations in the rate
of decline of CD4 cells in some patients (Fig. 2). However. in all

relationship between the CD4 half-life and total study survival such cases the rate of decline returned to the baseline rate within
was found by Spearman's (rank) correlation for both treated 4 mo of initiation. This pattern in the CD4 cell counts of patients
(r = 0.38; 0.02 < p < 0.05) and untreated patients (r = 0.77: on chronic zidovudine has been noted before.'2 Patients on
0.05 < p < 0. 10) (Fig. 6A). When considering estimated sur- therapy experience a transient delay in decline or frank increase
vival from a CD4 cell count of 100, there was no association in CD4 ce! count. Our data suggest that despite these perturba-
with rate of decline in treated patients (Fig. 6B). However, there tions, the overall rate of decline remains relatively constant over
continues to be a Positive association in untreated patients a long period of follow-up for an individual patient. To further
(r = 0.83. 0.02 < p < 0.05) (Fig. 6B). test this observation numerically, the CD4 half-lives before and

TABI.E 2. COMPARISON O1 SURVIVAL. PARAMETERS

All Treated Untreated

N 40 34 6
CD4 cell half-life

(months) 7.03 t .5 7.68 - .5 3.32 ± .6
(6.6) (7.0) (3.5)

Survival from entrance
(mo) 34.4 -t 2.1 38.2 ±- 1.8 12.9 -_ 3.0

(36.2) (38.6) (11.4)
Survival from I(X) CD4 cells (TI(X)-D)

(mo) 20.6 ± 1.7 23.1 -± 1.6 6.8 ± 1.6
(20.8) (22.3) (6.9)

Survival from 25 CD4 cells (T25-D)
(mo) 6.6 ±_ 1.9 7.7 .- 2.2 0.14 -+ I.0

(5.0) (9.3) (-(0.3)

Estimated CD4 cell half-life and three survival measures according to whether treated or not.
Values reported as mean -± SEM and (median).
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TABLE 3A. Cox REUR-iSsION (PROPORTIONAL. HAZARD) ANAL.YSIES U'SING SURVIVAi. TIMI- iROM ENIRANU( 13) 0TSI.LI)Y

Regression
Goodness Variables aoeffwiieni - -

Model of fit X
2  d.. p included b Sl(b) bhSl(h)

I 41.1 1 <0.0001 Treatment 2.93 0.61 4.84 <0.(00)0
(no vs. yes)

2 7.4 1 0.0064 Half-life -0.189 0.072 -2.63 0.009
(1o0)

3 3.1 0.08 Race 0.57 0.33 1.74 0.08
(nonwhite vs. white)

4 0.98 I 0 32 Initial CD4 -0.(0X)9 0.()09 -0.99 0.32
(count)

5 0.96 1 0.33 Age 0.019 0.019 0.98 0,33
(yr)

6 1.3 1 0.26 Sex -0.06 0.54 - 1.11 0.27
(male vs. female)

7 44.2 2 <0.0001 Treatment 3.08 0.63 4.86 <0.(X0)01
Race ( 64 0.33 1.93 0.05

8 41.1 2 <0.0001 Treatment 2.51 03.64 3.90 0.00()
Half-life -0.120 0.066 -1.78 0.08

9 46.3 3 <0.0001 Treatment 2.70 0.66 4.06 0.0(XX)5
Race 0.56 0.34 1.65 0.09
Half-life -0.1()2 0.066 - 1.55 0.12

10 47.1 4 <0.0001 Treatment 2.72 0.67 4.02 0.(XX)06
R ice 0.61 0.34 1.76 0.08
Half-life -0.099 (3.066 -1.51 0.13
Age 0.0206 0.0205 1.00 (3.32

For explanation of columns. see Table 3B.

during AZT therapy were compared to the overall half-life by reached 100, the CD4 half-life was no longer predictive of
paired parametric and nonparametric statistical methods and no survival. We found the disparate predictive value of the CD4 cell
statistically significant differences were noted (data not shown). half-life in regards to the survival interval used in our analysis to
Also a direct linear relationship was determined between the be of great interest. This effect was not due to alteration of the
half-life on AZT vs. the overall CD4 halllife (p = .002; data not rate of CD4 decline by therapy in that no such alteration was
shown). observed. We postulate that current therapy may still be respon-

Exponential decline of CDJ4-cells in early stage HIV disease sible for this effect by prolonging the interval of survival at very
has been previously described by Brundage and colleagues. 2 3  low CD4 cell counts, the duration of which may not be
They studied a military cohort of HIV patients with early stage associated with the previous rate of decline. We have anecdot-
disease as a total population rather than as individuals and found ally observed this in many of our patients some of whom are still
a mean rate of decline of 5-10 CD4 cells/mo for those patients in doing well after 3 years with CD4 cell counts <I 0/mm m. This is
the 500-800 cells/mm 3 range. Most cases in the current analy- also suggested in our study by the fact that patients on therapy
sis, however, were patients who presented in the midstage of had an increase of 9.6 months in the time from 25 CD4 cells to
HIV disease (mean CD4 cell -350/mm3) and were followed death compared to the untreated group (Table 2). Interestingly.
until they died. in the untreated patients. the rate of decline of CD4 cells appears

Phillips et al.] concluded that the trend of CD4 cell decline to be predictive of survival from a CD4 cell count of 100 (Fig.
overtime was linear. The rate of CD4 decline (slope of cell count 6B). This should be interpreted with caution given the small
versus time) derived from their study of hemophiliac patients numbers of untreated patients but suggests that in untreated HIV
was highly predictive of the development of AIDS as an infection (natural history), the rate of decline may be predictive
endpoint with higher rates of decline associated with a more of survival regardless of which survival parameter is used.
rapid development of AIDS. In that study the CD4 counts were The prolongation of survival at very low CD4 cell counts to
not followed to death, so the flattening-out of the CD4 counts account for this effect would be expected for anti-PCP prophy-
over time at low CD4 cell counts was not observed as in our laxis which has already been shown to prolong survival in
study. patients at risk (CD4 < 200 cells/mm'). This therapy would

Our analysis revealed that the speed of CD4 cell decline in exert a beneficial impact regardless of the rate of CD4 cell
HIV patients as measured by CD4 cell half-life was predictive of decline. 2S AZT, on the other hand. has been clearly demon-
the total survival time (from the initial CD4 cell count). This is strafed to prevent CD4 cell decline at least temporarily 2" It has
not surprising, given the central pathophysiologic role of CD4 been suggested. however, that AZT may also work in a bcnefi-
depletion in the progression of HIV infection. However, the cial manner, independently of the CD4 cell count in patients
analysis also suggested that once a patient's CD4 cell count with low CD4 cell counts. 27 Because both therapeutic modali-
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TABiE 3B. Cox REtuRIssm(N IPROpRTIONAt. HAARI)) ANAI.YsI-S LJSIN(; S•lRVIVAI I'l. IFROM Ri ACItN(; AN -SI I\1A1 I-I)
C'14 COLINI OF: 100

Regression
Goode.ss" VOihtibh. (('(fUhitell( - -

Model oqfit )- dC. p included b SE(bt) hlSE•()h

I 38.1 1 <0.0001 Treatment 3.47 0.85 4. II {.(XKXI4
(no vs. yes)

2 0.28 1 0.60 Half-life 0.036 0.069 0.53 0.60
(mo)

3 5.0 0.02 Race 0.77 0.34 2.22 0.(03
(nonwhite vs. while)

4 0.47 ( 0.49 Initial C1)4 0.(Q1)6 ().(XXI9 0.68 0.5))
(count)

5 1.2 0.28 Age 0.021 0.019 1.07 0.28
(yr)

6 0.01 1 0.90 Sex -0.07 0.54 -0. 12 0.90
finale vs. female)

7 42.0 2 <0.( )OI Treatment 4.06 0.91 4.48 0.(XXX)I
Half-life 0.057 0.069 2.12 0.03

8 41.8 2 <0.0(8)I Treatment 3.43 0.87 3.96 0.(XXX)7
Race (0.69 (0.35 1.96 0(05

9 49.3 3 <0.0() I Treatment 4.13 10.93 4.42 0.(XXX)I
Half-life 0. 198 0.069 2.76 0.02
Race 0.96 0.37 2.59 0.0 1

10 49.6 4 <0.(8)I Treatment 4.08 0.96 4.25 0).(XXX0 2
Half-life 0.195 0.072 2.74 0.o1
Race 0.96 0.37 2.59 0.01
Age 0.0036 0.0205 0.17 0.87

Explanations of columns: (I) model identification: (2-5) the )2 goodness-ol-fit measure for overall significance of all covariates
included in the model, corresponding degrees of freedom (number of variables), p-value, and list of included variables: columns
(6-9) give the regression coefficients (b) for each included variable (a measure of predictive value of the variable), its standard error.
test of significance, and corresponding p-value. The table includes the assessment of each individual prognostic variable (models
1-6), the two best two-variable models (models 7 and 8): and the best three-variable (model 91 and four-variable (model 10) model.
A negative regression coefficient indicates a variable is positively associated with survival (decreased hazard).

ties were administered to our patients, comments about the individuals."' In that study as in ours. the role of anti-PCP
relative contributions of each to the increased survival remain to prophylaxis could not be determined separately from that of
be determined. AZT is currently recommended for patients with AZT. Survival at low CD4 cell counts was also substantiallx
CD4 cells <5(0)/mm3 .2- Only I of the 34 treated patients had prolonged in our patients due to current therapy. Tile 9.6-mo
received AZT in that fashion inasmuch as these patients had had median increase in life span at CD4 cell counts < 25,'cm• is also
significant CD4 cell decline by the time those recommendations consistent with the results of another group of well-studied
were made. A similar analysis of patients who had received early patients." In that study. a CD4 cell count of 5(0 or less was
AZT may reveal more profound changes of the natural history of associated with an increased risk of dying. When our data was
HIV infection. One would anticipate a slowing of CD4 cell analyzed in that fashion, we found similar results and also found
decline or a delay such that survival would be lengthened. The treatment prolonged the interval from the last CD4 cell count to
recent Veteran's Administration Hospital study, however, dem- death. 12

onstrates that this may not be the case with early AZT treatment. Race also had an influence on outcome in this group of
since overall survival was not prolonged in the early AZT patients, although quantitatively to a much lesser degree than
recipients relative to later use. 29 Whether the CD4 cell halflife therapy. Nonwhites had a somewhat shorter survival compared
would retain a predictive relationship to total survival in that to whites (7 mot. This trend has been noted belore in other
situation also remains to be seen and is the subject of ongoing studies in which the differences were attributed to sociocco-
study at this institution. nomic differences. " " In that all of the patients studied herein

The results of our analysis demonstrate a survival advantage had equal access to medical care and current drug therapy in the
of being on current therapy as demonstrated by an estimated military system, it suggests that the observed difference ma,, be
median increase in life span of l5.4 mo from reaching a CD4 cell due to variables beyond access to treatment and care. The
count of 100 for treated patients and a 27.2-mo increase in total difference in survival persists when treatment is accounted i,'r in
survival from the initial CD4 cell count. This beneficial effect is the proportional ha/ard model. The nature of this obscr% ed racial
independent of age, gender, rate of CD4 cell decline, and initial difference in survival (biological vs. risk factor, etc.) is the
CD4 cell count. These figures are also consistent with the 19.3 subJect of ongoing study at our institution. Older age has
mo observed in a large retrospective study of AZT-treated previously been reported to have a negaive influence on sur-
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FIG. 3. Product limit (Kaplan-Meier) survival curves for FIG. 4. Product limit (Kaplan-Meier) survival curves for
untreated and treated patients: (A) using survival time from nonwhite and white patients: (A) using survival time from
entrance, (B) using TI00-D. estimated survival time afler entrance: (B) using TI0O-D, estimated survival time after
reaching a CD4 cell count of 100. reaching a CD4 cell count of 100.

vival in HIV infection. t 4 This was not observed in our group of (Markovian). which attempt to incorporate current and past
patients, HIV infectishout tim-var'g predictors (CD4 cell count. rate of decline. etc.).
patients but it should be pointed out that the numberofcould also be used to predict survival. Cox regression models
was small with a narrow age range. A larger, more powerful exist which can incorporate time-varving covariates. Such at-
study may have demonstrated an effect due to age. The same
argument can be applied to gender, because there were few tempts to model survival would require a large population with

females in the study. an attendent large database per subject. All of these issues

Because the rate of CD4 cell decline was not predictive of remain unanswered and are the focus of ongoing study at our
institution. All of the findings of the current study need confir-

remaining survival after reaching a CD4 cell count of 100. there
is a need for other prognostic parameters which may better mation in larger patient populations.

predict ultimate outcome in patients with advanced HIV infec- In summary. tor this group of military patients, individual

lion on therapy. With the availability of current therapy. this CD4 cell decline to death appeared to be approximately expo-

subset ideally should be nearly 100% of all such patients, nential. Transient perturbations occurred due to AZT, but CD4

considering the survival advantage of such therapy demon- cell loss remained constant for each patient. The corresponding

strated here and in numerous other studies.'(' The CD4 cell rate of CD4 cell decline (CD4 cell half-life) provided prognostic

half-life was predictive of outcome from the initial CD4 cell information when survival from the initial CD4 cell count to
death was used as an endpoint. This measure of survival time

count to death. This period of time included periods on nto included untreated periods and time on current therapy. The
treamen. Tis masue o cel delin ma bea usfulone1(1 survival from I(X) CD4 cells t(I death in treated patients did not

consider in trials of novel therapies for patients not on current
seem 1(o he related tt1 the CD4 cell decline. In ulntreated patients.

therapy such as those with earlier stages of disease. Relying only seem a herelatent relationship In uggeated atients,
however, a persistent relationship was suggested although theon initial CD4 cell counts in defining entry criteria and not taking numbers were small.

into account the rate of CD4 cell decline may give both
false-positive and -negative indications of efficacy to a new
treatment. The CD4 cell half-life may be a useful prognostic ACKNOWLEDGMENTS
parameter regardless of current therapy if an endpoint less
stringent than actuarial survival is used such as the development This paper is dedicated to all of' our patients. We also
of an opportunistic infection or thrush. More complex models acknowledge the invaluable assistance of the nurses and staff
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